SUMMARY
The Saline Valley Wilderness Study Area and the Lower Saline Wilderness Study Area, located in eastern California between the Inyo Mountains and Death Valley, were studied in 1981-83 using geologic, geochemical, remote sensing, and geophysical surveys and the examination of mines and prospects to evaluate mineral resources and the potential for mineral resources. The Saline Valley Wilderness Study Area has a high potential for the occurrence of gold resources in two areas. One area, largely outside the study area, is in the vicinity of the Crater mine in the Last Chance Range, and it has potential for the occurrence of gold in a disseminated deposit in an epithermal environment. A small part of this area extends into the study area. The other area is in Marble Canyon in the western part of the study area, and it has high potential for the occurrence of gold placer deposits. Marble Canyon also has a moderate potential for gold in placer deposits downstream from the area of high potential. Seven areas, scattered from the Inyo Mountains to the Last Chance Range, have a low potential for the occurrence of gold in disseminated deposits, and one area that lies astride the border of Death Valley National Monument has a low potential for the occurrence of gold in vein deposits. An area of granitic rock near the southern end of the area was identified as having a low potential for the occurrence of copper and molybdenum resources in vein deposits surrounded by an area of low potential for the occurrence of lead, silver, and zinc resources. An area west of Jackass Flats near the western border of the study area has a low potential for the occurrence of lead, silver, and zinc resources in quartz veins. Part of the Last Chance Range peripheral to the area of high potential for the occurrence of gold resources has mercury prospects but only a low potential for the occurrence of mercury resources. The southern end of Eureka Valley has a low potential for the occurrence of lithium and uranium resources in buried sedimentary deposits beneath the valley floor. Demonstrated resources of native sulfur exist at the Crater mine but no resource potential was identified nearby in adjacent parts of the study area. A low potential for the occurrence of talc resources is present in the northwest end of the study area close to several talc mines that are north of the study area.
INTRODUCTION
Field examinations were conducted by the U.S. Bureau of Mines in the fall of 1981 and the spring and fall of 1982 and by the U.S. Geological Survey in three spring field seasons in [1981] [1982] [1983] to determine the mineral resources and mineral resource potential of the Saline Valley and Lower Saline Wilderness Study Areas. The Bureau of Mines searched mining records and examined mines, prospects, mineral claims, and mineralized areas and sampled them.
The Geological Survey conducted geologic mapping, geochemical sampling, remote sensing studies, and geophysical surveys.
The Saline Valley Wilderness Study Area occupies 407,356 acres, and the Lower Saline Wilderness Study Area occupies an additional 2,241 acres in eastern California between the Inyo Mountains and Death Valley ( fig. 1 ). The eastern edge of both study areas adjoins Death Valley National Monument. Big Pine, 17 mi west of the study areas, is the nearest town. Scottys Castle, about 10 mi from the study areas, is the nearest center of habitation to the east.
The principal access to the Saline Valley Wilderness study area is by paved road from Big Pine. This road passes along or close to the north border of the study area where it becomes a dirt road and extends into Death Valley. A gravel road down the west side of the study area provides access to several warm springs near the southwest margin of the area and to the Lower Saline Wilderness Study Area. Most of the study area has an arid climate characterized by hot dry summers and cold to moderate winters. Only the western part of the area above an altitude of about 5,000 ft has a semi-arid climate. The arid part of the area has sparse vegetation consisting of creosote bushes and other low-growing shrubs and cactuses. The semi-arid part has sage, pinon pine, juniper, and mountain mahogany. Joshua trees grow in the higher parts of the Dry Mountain area.
Previous studies of mineral deposits and mineral resources
The only published information on the mines and mineral resources of the Saline Valley Wilderness Study Area is by McHugh and others (1984) , but for the Lower Saline Wilderness Study Area information is available by Rumsey (1984) and McAllister (1955) . Detailed descriptions and production data for mines in the region around the study areas are included in summary reports by Waring and Huguenin (1917) , Tucker and Sampson (1938) , and Norman and Stewart (1951) on the mines and mineral resources of Inyo County. A report on the Cerro Gordo mine in the Inyo Mountains was written by Merriam (1963) . Bailey (1902) , Gale (1914), and Ver Planck (1958) wrote about salt deposits in Saline Valley. Information on mines in the Ubehebe quadrangle is given by McAllister (1955) , and a detailed investigation of the El Capitan mercury mine in the Last Chance Range was reported by Hill (1972) . A report by Wrucke and others (1984) gives a summary of the mineral resources of the Little Sand Spring Wilderness Study Area, which is on the east side of Death Valley, immediately east of the Saline Valley Wilderness Study Area.
Physiography
The Saline Valley and Lower Saline Wilderness Study Areas are in the western part of the Basin and Range province and are as close as 20 mi to the Sierra Nevada. The study areas include the mountainous terrane east of the high northern parts of the Inyo Mountains, the Saline Range, the southern half of the Last Chance Range, and the range that extends north and south of Dry Mountain. Drainage is toward the three closed basins of Eureka, Saline, and Death Valleys, but there are no permanent streams. The highest and lowest points are Dry Mountain and the eastern side of Saline Valley, respectively 8,674 ft and about 1,200 ft above sea level. The bottom of Saline Valley just west of the study area is the lowest place in the northern Death Valley region. The general topographic trend of the mountains and valleys is approximately north-south, but significant local variations exist from this trend.
Mining history
Prospecting in the region of the Saline Valley and Lower Saline Wilderness Study Areas probably began in the late 1850s or early 1860s, as mineral discoveries were made in the Inyo Mountains as early as 1859 and the Lone Pine mining district was organized in 1866 (Chaflant, 1933) . The rich silver-lead deposits at Cerro Gordo in the Inyo Mountains, southwest of the study areas, are reported to have been discovered in the interval 1861-1866 (Merriam, 1963) . Several mines in the eastern foothills of the Inyo Mountains just outside the study areas were opened between 1879 and 1907 (Waring and Huguenin, 1917) , including the Loretto (copper), Scheelite (tungsten and copper), Opal (lead and silver), Bedell (lead and silver), Waucoba (tungsten and copper), Bunker Hill (lead and silver), and Blue Monster (lead and silver) mines ( fig. 2 ). Mineral production is recorded from these mines for the period 1899-1964; none is currently operating. The Victor Consolidated mine, located as a gold prospect in 1909, was patented in 1912 and was later operated as a talc mine. The Loretto mine, developed by an 1,800 ft-deep shaft during the period 1907 -1915 (Waring and Huguenin, 1917 , was patented in 1922 and was under exploration as recently as 1975. Silver-and lead-bearing quartz veins at the Lee, Del, August, Ruby Port, Emma, Hillside, and Morning Star prospects in the Whipporwill Flat -Jackass Flats area were prospected probably before 1900.
Placer gold was discovered in Marble Canyon before 1904 (Tucker and Sampson, 1938) . Substantial development began in 1934 and at least three placer mines just west of the study area were active in 1982.
Silver-lead-zinc deposits in the Ubehebe district, which includes the Lower Saline Wilderness Study Area, were mined in the early 1900s. All of these mines are outside this study area. The first recorded production from the district was of silver from the Ubehebe mine ( fig. 2 ) in 1908. The Lippincott mine was worked for lead and silver as early as 1908, and the Blue Jay mine, one-half mile east of the south end of the Saline Valley Wilderness Study Area, produced high-grade copper and silver ore in 1915 (McAUister, 1955) . All were idle in 1982.
Salt deposits were discovered in the playa at the bottom of Saline Valley, outside the study areas, in 1864 (Bailey, 1902 ). An aerial tramway across the Inyo Mountains to Owens Valley was used to haul salt from the deposits between 1913 and 1930 (Ver Planck, 1958 . Borax from surficial deposits was mined in Saline Valley west of the Lower Saline Wilderness Study Area from 1895 to 1907 (McAUister, 1955; Gale, 1914 (Lynton, 1934) . Peak activity was from 1928 to 1943. Intermittent production continued until 1972.
Mercury occurs at numerous mines and prospects in the Last Chance Range in the northeastern part of the Saline Valley Wilderness Study Area. Cinnabar was discovered in 1966 at the El Capitan mine 2 mi north of the Crater mine ( fig. 2) . Production from the El Capitan mine and exploration at mercury deposits inside the study area took place in the late 1960s when mercury prices were high ($536 per flask* in 1968) and ceased in 1971 when prices dropped to $292 per flask.
No mining was being conducted in the study areas in 1983.
GEOLOGY
Rocks ranging in age from Proterozoic to Cenozoic are widely exposed in the Saline Valley Wilderness Study Area (pi. 1). These rocks record a history of Proterozoic and Paleozoic marine sedimentation, Mesozoic plutonism, and Cenozoic volcanic and sedimentary deposition. Bedrock in the Lower Saline Wilderness Study Area consists of metamorphosed Mississippian, Pennsylvanian, and Permian strata and Jurassic granite.
Detailed geologic maps have been completed for the entire study area. Mapping was by Burchfiel (1969) in the Dry Mountain quadrangle, McAllister (1956) in the Ubehebe Peak quadrangle, McKee and Nelson (1967) in the Soldier Pass quadrangle, Nelson ( , 1971 in the Waucoba Mountain and Waucoba Spring quadrangles, and Ross (1967b) in the Waucoba Wash quadrangle. Detailed mapping in the Last Chance quadrangle was done as part of this investigation. Ross (1967a) compiled a generalized geologic map of the Inyo Mountains region, which covers both study areas.
Upper Proterozoic and Paleozoic rocks
Strata of Upper Proterozoic age and from every period of the Paleozoic Era have been recognized in the Saline Valley Wilderness Study Area. The stratigraphic section formed by these rocks has an aggregate thickness on the order of 35,000 ft thick in the western part of the area and 16,000 ft thick in the eastern part of the area (Stewart and others, 1966) . Rock types in the Proterozoic-Paleozoic section consist principally of quartzite, siltstone, shaly siltstone, limestone, and dolomite.
An important characteristic of the stratigraphy in the Saline Valley Wilderness Study Area is that the Proterozoic and Cambrian rocks in the western part have a different lithologic character than strata of the same age in the eastern part. This lithologic change takes place approximately across a narrow north-northeast-trending zone no more than about 5 to 10 mi wide that extends through the central part of the Saline Range, passes along Eureka Valley, and crosses the northern part of the Last Chance Range, north of the study area. In general the Proterozoic and Cambrian strata flask contains 76 Ib of mercury west of this zone contain more siltstone and limestone and less quartzite than equivalent strata east of the zone. These differences were first recognized by Stew art (1965) as occurring between rocks of equivalent age in the northern and southern parts of the Last Chance Range, but they apply as well to rocks across this zone elsewhere in the study area. Offset along a fault in the southern part of the Magruder Mountain quadrangle, which encompasses the northern end of the Last Chance Range, may account for the stratigraphic changes in that area (E. H. McKee, oral commun., 1984) , but no structural feature has been found that might account for the stratigraphic changes in other parts of the Saline Valley area.
The facies changes in the Proterozoic and Cambrian pocks are indicated by the stratigraphic nomenclature, which is different for the formations of the Upper Proterozoic, Lower Cambrian, and the lower part of the Middle Cambrian on opposite sides of the zone (see pi. 1; Stewart, 1965 Stewart, , 1970 . The stratigraphic differences between the western and eastern parts of the area are less marked in most of the Middle Cambrian and Upper Cambrian parts of the section. Some of the formations of Middle and Upper Cambrian age are found throughout the Saline Valley area.
Upper Proterozoic rocks in the western part of the Saline Valley Study Area have been divided into three formations and part of a fourth. The oldest rocks belong to the Wyman Formation, which consists mostly of argillite, quartzitic sandstone, and siltstone, and subordinate dolomite (Nelson, 1971) . Strata of this formation exposed in the 151 quadrangles immediately west and northwest of the study area attain a thickness of 9,000 ft (Nelson, 1962) , although the base is not exposed. Only the upper part of the formation is exposed in the study area. Above the Wyman Formation are dolomites and calcareous rocks of the Reed Dolomite, about 2,000 ft thick (Nelson, 1962 (Nelson, , 1971 . Limestone, quartzite, sandstone, dolomite, and shale of the Deep Spring Formation, about 1,500 ft thick pest on the Reed Dolomite. The youngest Proterozoic rocks in the study area are in the lower half of the Campito Formation, which overlies the Deep Spring Formation. The Campito Formation is about 3,500 ft thick and is composed of sandstone, siltstone, and shale.
The Proterozoic-Cambrian boundary generally has been placed at the base of the lowest bed containing olenellid trilobites. In the Saline Valley Wilderness Study Area, this horizon is near the middle of the Campito Formation. Cloud and others (1966) preferred to place the boundary at the base of the Reed Dolomite. On the basis of fossils found near Gold Point in Esmeralda County, Nevada ( fig. 1 ), Mount and others (1983) suggested that the boundary be placed near the top of the Reed Dolomite.
Using the definition of the Proterozoic-Cambrian boundary based on trilobites as foUowed by Nelson (1971 Nelson ( , 1972 , Ross (1967) , and Stewart (1970) in reports and maps of the Inyo Mountain region, the Cambrian rocks in the Saline Valley area are about 11,000 ft thick. The Lower Cambrian strata in the western part of area are about 6,800 ft thick and consist principally of sandstone, siltstone, and quartzite, and subordinate amounts of limestone. Rocks above the lower part of the Campito Formation belong to the Poleta, Harkless, and Saline Valley Formations and the Mule Spring Limestone. The Mule Spring is the only Lower Cambrian formation that is dominantly calcareous. Middle and Upper Cambrian rocks total about 5,000 ft in thickness and are composed mostly of carbonate pocks. Formations in this part of the stratigraphic section, in ascending order, are the Monola Formation of Middle Cambrian age, the Bonanza King Dolomite of Middle and Late Cambrian age, and the Lead Gulch Formation of Late Cambrian age (Nelson, 1971; Ross, 1967) . The Lead Gulch Formation is composed of hornfels (Nelson, 1971) .
Cambrian strata in the eastern part of the area have been divided into five formations that have a total thickness of about 9,200 ft. The oldest of the Cambrian rocks are in the Wood Canyon Formation, which elsewhere in the Death Valley region contains Upper Proterozoic rocks. Only the Cambrian part of the Wood Canyon Formation is exposed in the study area (J. H. Stewart, oral commun., 1984) . As exposed on the west side of the Last Chance Range, the Wood Canyon consists of quartzite, siltstone, and limestone and has strata that have been correlated with the Poleta Formation of Cambrian age and beds correlative with the upper part of the Campito Formation in the western part of the study area. Above the Wood Canyon Formation is the Zabriskie Quartzite of Lower Cambrian age, the Carrara Formation of Lower and Middle Cambrian age, the Bonanza King Dolomite of Middle and Late Cambrian age, and the Nopah Formation of Late Cambrian and Early Ordovician age (Burchfiel, 1969; Stewart and others, 1966 (Burchfield, 1969; McAllister, 1956) . They have a total thickness of about 4,500 ft. The lower unit, consisting mainly of limestone, is the Keeler Canyon Formation of Pennsylvanian and Permian age. The upper unit, composed of shale, siltstone, and limestone is the Owens Valley Formation of Permian age.
Mesozoic granitic rocks
Mesozoic granitic rocks are exposed in two plutons in the Saline Valley Wilderness Study Area. One pluton, located in the northwestern part of the study area, is elliptical in shape and 6 mi in longest dimension. It consists of two components, the diorite of Marble Canyon and the hornblende-augite quartz monzonite of Joshua Flat. The diorite occurs in irregular but generally elongate bodies that form a vaguely concentric pattern within the quartz monzonite of Joshua Flat. K-Ar age determinations ranging from 171 to 184 m.y. indicate that the quartz monzonite of Joshua Flat is Early to Middle Jurassic (McKee and Nash, 1967) . A pluton in the southern part of the Saline Valley Wilderness Study Area and in the Lower Saline Wilderness Study Area is composed of the Hunter Mountain Quartz Monzonite. This rock is exposed in an area of several hundred square miles, mostly outside the study areas, and probably correlates with granitic rocks in the Inyo Mountains and ranges to the south. K-Ar ages range from 160 to 180 m.y. reported by Ross (1969) indicate an Early to Middle Jurassic age. Contact metamorphic effects ranging from schist and hornfels in silicic rocks to skarn in carbonate rocks can be found as much as 2 miles from the granitic contacts. Skarn is particularly evident at the southern tip of the Saline Valley Wilderness Study Area and in the Lower Saline Wilderness Study Area.
Cenozoic volcanic and sedimentary rocks
Tertiary rocks of the study areas crop out extensively in the Saline Range, at scattered localities in the Last Chance Range, and in the mountains north and south of Dry Mountain. The oldest Tertiary rocks are siltstone, sandstone, and limestone pebble and cobble conglomerate in the central part of the Last Chance Range and low on the eastern slopes of the mountains north of Dry Mountain. No datable materials have been found in these rocks. They are assumed to be Miocene or early Pliocene because they underlie basalt about 4.0 m.y. old. This basalt is a remnant of a volcanic field that extended from the eastern side of the Inyo Mountains easterly across the Saline Range to the Last Chance Range and the mountains around Dry Mountain. Basalt at the base of the volcanic section in the Saline Range, the Last Chance Range, and the mountains north of Dry Mountain has been dated by K-Ar methods at 3.7+0.2 to 4.2j+0.3 m.y. (Elliott and others, 1984) . Overlying this basalt in the Saline Range are air-fall and waterreworked tuffs, locally interlayered with basalt, which in turn are overlain by a thick latite flow dated at 3.4jf_0.2 m.y. (Elliott and others, 1984) . The latite flowed from a plug dome near the east edge of the range. A small latite plug and latite flows interlayered with basalt in the northeastern part of the Last Chance Range are petrographically almost identical to the latite in the Saline Range and, therefore, may be of about the same age. Most of the extensive basaltic rock in the Saline Range is younger than the latite and is about 2 1/2 m.y. old (Ross, 1970; Elliott and others, 1984) . On the basis of chemical analyses, Ross (1970) concluded that many of the flows that resemble basalt in the Saline Range are trachyandesites. Rhyolite tuff mapped by Nelson (1971) beneath basalt and trachyandesite in the Saline Range and intrusive rhyolite found in Paleozoic strata on the west side of the Last Chance Range during this study have not been dated. Also undated is a diatreme near the northeast corner of the Saline Valley Wilderness Study Area. Abundant quartz crystals in the diatreme are suggestive of rhyolitic affinities. The poorly consolidated gravels in uplifted fault-bounded masses along the Death Valley-Furnace Creek fault zone east of the Last Chance Range may be the youngest Tertiary deposits in the area studied, or they may be Quaternary.
Surficial deposits are exposed in the intermontane valleys and along stream channels in the mountains of the study area. The most extensive of these deposits are Pleistocene and Holocene fanglomerates that blanket the lower flanks of the mountains and slope to the valley bottoms. Active dunes and blankets of sands cover some of the fanglomerates and bedrock on the west and south sides of Eureka Valley, and playa deposits and a lofty field of active dune sand occupy the lowest parts of Eureka Valley. Alluvial gravels at the margin of Saline Valley grade into playa deposits at the west border of the Saline Valley and Lower Saline Wilderness Study Areas and then into brine deposits in the lowest parts of the valley outside the study areas.
Structural geology
The Proterozoic and Paleozoic strata in the Saline Valley Wilderness Study Area and the Paleozoic strata of the Lower Saline Wilderness Study Area were essentially flat lying and undeformed at the close of the Paleozoic Era. During the Mesozoic these rocks were telescoped by thrust faults and deformed by invading granitic bodies, and in the Cenozoic they were broken by basin and range faults. The rocks of the study areas, therefore, have been subjected to the principal tectonic events that affected the western part of the Basin and Range province.
The oldest deformation that disrupted the Proterozoic and Paleozoic rocks of the Saline Valley Wilderness Study Area resulted in the Last Chance thrust (Stewart and others, 1966) . Exposures in widely spaced windows reveal that the thrust extends from the western part of the study area to the Nevada State line. The thrust may extend farther west than the study area because the rocks in the Inyo Mountains are structurally continuous with known upper-plate rocks. Throughout the region, Upper Proterozoic, Cambrian, and Ordovician strata at the sole of the upper plate rest on Mississippian rocks. The continuity of this relationship indicates that virtually all of the pre-Mesozoic rocks outside the windows and west of the Dry Mountain area are in the upper plate of the thrust, which is interpreted to have moved eastward for a distance of at least 20 miles (Stewart and others, 1966) . The thrusting is considered to have taken place before emplacement of the Jurassic intrusives. Thrust faults in the Dry Mountain area are in the lower plate of the Last Chance thrust but probably are products of the same tectonic event.
Forceful emplacement of the Jurassic plutonic rocks in the study area pushed aside and folded the adjacent stratified rocks. Proterozoic and Cambrian strata were bowed into approximate parallelism with the contact of the invading monzonite of Joshua Flat. Effects of the shouldering action of the pluton are evident as much as 3 mi from the intrusive contact. Some strata adjacent to the Hunter Mountain pluton curve around the intrusive contact; other strata are cut at high angles, but the axes of folds in these rocks are deflected near the intrusion. The degree of contortion, like the effects of contact metamorphism, diminish away from the intrusive contacts of both plutons.
Basin and range faulting has been responsible for the present distribution of the mountain ranges and valleys in the study areas and for many of the faults in the mountains. The west side of the range in which Dry Mountain is located is the best example in the study areas of the topographic control of a mountain front by a basin and range fault. This nearly linear fault separates bedrock from the adjacent fan gravels. Topographic relief along the west side of the range is nearly 5,000 ft. The Last Chance Range and some of the other mountain areas also rise sharply in places from the down dropped valleys, but the faults that controlled the valleys and mountains are buried by alluvium.
The Saline Range, in marked contrast to the other mountain masses, is, in general aspect, a low broad dome whose surface is defined by Pliocene basaltic flows. The existence of this lava field and of the cinder cones alined along north-northeast-trending faults that break the field are suggestive that extensional processes responsible for basin and range structural features in the study areas were active at the time the basalt was erupting and probably provided the mechanism for tapping deep magma sources. Geophysical evidence discussed later, indicate that a valley connecting Saline and Eureka Valleys existed beneath the basalt in the northern part of the Saline Range and, therefore, that the crust at the site of the range has been the locus of crustal entension for at least 4 1/2 m.y. Remnants of basalt flows in the Last Chance Range 2,000 ft above flows in the Saline Range show that much of the present basin and range topography in the Saline Valley study area formed in the past 4 1/2 m.y. Faults in unconsolidated alluvium at numerous localities in Eureka and Saline Valleys and the deep valley west of Dry Mountain indicate that faulting is still active.
The Death Valley-Furnace Creek fault zone has offset upper Tertiary(?) and Pleistocene alluvial deposits near the northeast corner of the Saline Valley Wilderness Study Area. Displacement along this well known fault has been in a right-lateral sense and has resulted in cumulative offsets in Proterozoic and Paleozoic bedrock of many miles (Stewart, 1967) . Holocene fanglomerates on the east side of Death Valley east of the study area are cut by faults that parallel the Death Valley-Furnace Creek fault.
GEOCHEMICAL STUDIES
A geochemical study of the Saline Valley and Lower Saline Wilderness Study Areas was conducted using three sample media stream sediment, heavy-mineral concentrates, and rock. Stream sediment samples and heavy-mineral concentrates ( 2.6 specific gravity) were collected from 390 first-and second-order drainages at a sample density of approximately one sample site per square mile. Heavy-mineral concentrates provide enhanced geochemical anomaly patterns and information on mineral species such as oxides and ore forming sulfides. Information on background values and geochemical suites from mineralized areas were obtained from rock samples of outcrops, mines, prospect pits, and stream debris.
Stream-sediment samples were sieved to -80 mesh, pulverized, and analyzed for 29 elements by semiquantitative emission spectrographic methods (Grimes and Marranzino, 1968) . Stream sediments also were analyzed for mercury and arsenic by wet chemical methods (Viets, 1978; Vaughn, and McCarthy, 1964) . The heavy-mineral-concentrate samples were sieved to -30 mesh, and analyzed for 29 elements by the same methods as the stream sediment samples after removal of all magnetic and paramagnetic minerals. Rock samples were pulverized and analyzed for the same elements.
Anomaly thresholds were determined by using the break in slope of cumulative frequency plots or the 95th percentile value for most elements. For some elements, such as antimony, arsenic, gold, silver, tungsten, and zinc, a trace was considered anomalous for spectrographic data. High elemental concentrations from isolated samples were not considered as significant as were anomalies identified from many samples.
The geochemical data were interpreted and integrated with geologic, geophysical and remote sensing data to arrive at an assessment of the resource potential of the Saline Valley and Lower Saline Wilderness Study Areas.
REMOTE SENSING STUDIES
As a part of this study, limonitic materials were identified in LANDSAT images using a color-ratio-composite method (Rowan and others, 1974) . This technique was used to map areas of hydrothermal alteration associated with limonitic materials and to help define potential mineralized systems. The term limonite is used, as defined by Blanchard (1968) , as a general term for hydrous oxides but modified to include any material with the unique spectral reflectance properties of the ferric oxide minerals such as hematite and goethite as defined by Hunt (1980) . Pyrite and (or) hematite are commonly associated with hydrothermal alteration that is potentially related to mineralization; these minerals weather to produce limonite, which is detected by this technique. Areas of hydrothermal alteration that lack limonitic materials are believed to be insignficant. All areas defined as limonitic from the satellite analysis were visited and sampled selectively to determine if the limonite was associated with hydrothermal alteration, and if so, with what type of alteration and (or) mineralization. The selected rock samples from limonitic areas were analyzed by a semiquantitative emission spectrographic method (Grimes and Marranzino, 1968 ) and a modified wet chemical method for selected elements (Viets, 1978) to determine trace mineralization in order to define the type and extent of any mineralizing process that could have produced the observed hydrothermal alteration. From these hydrothermal alteration studies, several mineralized areas were identified, and the extent, distribution, and type of alteration were mapped.
GEOPHYSICAL STUDIES
Aeromagnetic and gravity surveys were conducted as part of this mineral assessment study. Most of the aeromagnetic data were obtained from aircraft flown along east-west flightlines spaced 1 mi apart at 7,000 ft above sea level (U. S. Geological Survey, 1983). The extreme western part of the Saline Valley Wilderness Study Area was flown along east-west flight lines spaced 1 mi apart at 14,500 ft above sea level. New gravity data were added to data from the Department of Defense (DOD) gravity data set available through the National Oceanic and Atmospheric Administration (NOAA) Data Center (NOAA, National Geophysical and Solar-Terrestrial Data Center, Boulder, Colorado 80302). The gravity data were used to compute complete Bouguer and isostatic residual values (Simpson and others, 1983) for each datum. A total field magnetic map and an isostatic residual gravity map were produced from the data.
The most striking magnetic anomalies within the study areas occur over late Tertiary volcanic rocks of the Saline Range. Unmetamorphosed volcanic rocks, like those in the Saline Range, typically have high magnetic susceptibilities and high remnant magnetizations, for this reason many of the magnetic anomalies over the Saline Range are caused by topographic features. Several of the anomalies are negative, indicating that some of the volcanic rocks in the Saline Range formed during a time when the earth's magnetic field was reversed. A negative aeromagnetic anomaly over the southern end of the Last Chance Range and a positive anomaly 4 mi north of Dry Mountain probably are caused by similar volcanic rocks.
A magnetic depression about 4 mi across on the northeastern flank of the Saline Range cannot be explained by a reversely magnetized volcanic unit because the edges of the depression trend across the flows exposed in this area. This part of the Saline Range is thought to be underlain by a thick sequence of relatively nonmagnetic siliceous tuff similar to tuff exposed near the eastern part of the depression.
A major magnetic anomaly occurs over the Hunter Mountain Quartz Monzonite southeast of Upper Warm Spring. The shape of the anomaly indicates a steeply dipping contact of this plutonic rock with Paleozoic sedimentary rocks to the north and suggests a possible east-west structural boundary in this region. To the west, south, and east, however, the Hunter Mountain quartz monzonite extends at least several miles beyond its mapped extent. Hunter Mountain quartz monzonite probably underlies the entire Paleozoic sedimentary sequence in the southern tip of the Saline Valley Wilderness Study Area and in the Lower Saline Wilderness Study Area.
The pluton north of Marble Canyon in the northwest corner of the Saline Valley Wilderness Study Area also produces a significant magnetic anomaly. The anomaly indicates that this pluton does not extend appreciably to the east beyond its mapped boundary but that it may connect at relatively shallow depth with the pluton 4 miles north (and outside the Saline Valley Wilderness Study Area). Hence, the Cambrian sedimentary rocks in the northwest tip of the study area probably form a thin septum over these Jurassic plutonic rocks.
Isostatic residual gravity anomalies indicate lateral variations in upper crustal density. Typically, thick sequences of Paleozoic and Proterozoic sedimentary rocks, such as in the Last Change Range, produce positive gravity anomalies whereas deep valleys filled with weakly consolidated Cenozoic deposits, such as Eureka Valley and Saline Valley, produce negative anomalies. The most striking gravity anomaly within the^ study area occurs over the Saline Range. Assuming our reduction density of 2.67 g/cm'5 is an appropriate density for the rocks of this volcanic field, we would not expect a substantial gravity anomaly. However, a pronounced gravitational depression is evident over the northeast part of the volcanic field. Apparently, the gravity minimum is caused by a thick sequence of air-fall and water lain tuffs and possibly alluvium in a pre-basalt graben connected on the north with Eureka Valley and on the south with Saline Valley and capped by the volcanic rocks of the Saline Range.
The gravity trough within Eureka Valley is interrupted at latitude 37°12f N. by a northeast-trending gravity ridge apparently caused by a rise in basement rocks beneath the alluvium. Consequently, the deepest parts of the gravel-bedrock interface beneath Eureka Valley are at northern and southern ends of the valley.
Audiomagnetotelluric (AMT) soundings were made in areas 8 and 9 ( fig. 3 ) to assess the depth of alteration identified by remote sensing and geochemical studies. The AMT equipment used was designed and built by the U.S. Geological Survey. Details of the equipment and its application have been given by Hoover and others (1978) . Soundings were made over a frequency range of 4.5 Hz to 27 KH , which provided data on resitivity variations from the surface to a depth of approximately 2 km.
In the vicinity of the Crater mine ( fig. 2 ) three AMT traverses were run approximately east-west to identify low resistivity zones that might be associated with conduits responsible for the development of mineralized rocks and possibly related to epithermal gold deposition. The traverses were made using natural signal sources of 4.5, 7.5, 16.7, and 25 HZ, which provided an exploration depth of about 0.5 km in this area. AMT resistivities were made on one dipole of each line so resitivities along the traverse could be calculated.
MINERAL OCCURRENCES AND DEPOSITS
The Saline Valley Wilderness Study Area has a great variety of metallic and nonmetallic mineral commodities. Metallic commodities in the study area include copper, gold, lead, lithium, manganese, mercury, molybdenum, silver, tungsten, and uranium. Nonmetallic commodities identified consist of sand and gravel, sulfur, talc, and minerals of possible interest to collectors. The Lower Saline Wilderness Study Area has occurrences of copper, gold, and silver. Mines and prospects that were examined during this study are numbered on Figure 2 and briefly described in Table 1 . Other mines in the vicinity and named on Figure 2 (not numbered), were not examined because mineralized structures do not extend into the study area. Some of these mines may have mineral resources; many have potential for resources of the commodities formerly produced.
Metallic commodities in the Saline Valley Wilderness Study Area
Copper and molybdenum Occurrences of copper are found in and adjacent to the northwestern parts of the Saline Valley Wilderness Study Area in Paleozoic carbonate and fine-grained clastic rocks and in Mesozoic granitic plutons that have intruded these rocks. Occurrences of copper and molybdenum exist in a similar environment at the south end of the study area.
The largest copper deposit in the vicinity of the study area is at the Loretto mine,and small amounts of chalcopyrite. Skarn adjacent to the Hunter Mountain quartz monzonite in the southern part of the study area contains copper minerals and molybdenite. Chalcopyrite, specular hematite and molybdenite are scattered through garnet-rich tactite at the Blue Jay mine, 0.5 mi east of the Saline Valley Wilderness Study Area ( fig. 2) . Core from 3,807 ft of drilling in 11 holes near the Blue Jay mine in 1970 contained a maximum of 2.67 percent copper and 0.18 percent molybdenum in small erratically distributed pods (Rumsey, 1983) . Small copper-bearing skarn pods exist in nearby parts of the study area at the Lucky Rich prospect (fig. 2, Gold-bearing gravels extend for a distance of nine miles along the bottom of Marble Canyon ( fig. 2 ). Eighteen shafts and 3,000 ft of drifts have been dug in the gravels west of the Saline Valley Wilderness Study Area. All of the recently active workings are in this part of the canyon. Three shafts, partly or completely caved, are inside the study area. The source of the gold in the Inyo Mountains is not known. McKee and others (1983) speculated that the gold may have been derived from a pre-Tertiary stream system that originated north of Marble Canyon, possibly in the White Mountains. Production has been mostly unrecorded, but at least 329 oz gold and 22 oz silver were recovered from more than 7,300 cu yd of gravel between 1936 and 1960. Gravel mined during that period averaged $1-7 per cu yd at a gold price of $35 per oz. The largest single nugget had a value of $300 (Tucker and Sampson, 1938) . Three placer mines just west of the study area were active in 1982.
Gold occurs in hydrothermally altered shear zones at the Jenny B. prospect located at the north end of the range that contains Dry Mountain ( fig. 2, no. 38 ). The host rocks are limestone and intensely sheared quartzite at the sole of the Last Chance thrust. Samples of altered rock collected at the surface contain anomalous concentrations of boron, copper, lead, manganese, niobium, and silver. Chip samples from workings on the property contain from a trace to 0.19 oz gold per ton and a wide range of silver and copper concentrations (table 1).
The Leah-Venessa prospect ( fig. 2 , no. 37), 0.6 mi southwest of the Jenny B. prospect, has gold in veins in highly faulted calcareous shale and limestone of the Lost Burro Formation. Chip samples collected across one mineralized zone averaged 0.099 oz gold per ton (table 1). Geochemical samples collected at the surface have the same suite of elements as samples from rocks at the Jenny B. prospect.
Anomalous concentrations of gold were found in rock samples collected in the vicinity of the Crater mine, both inside and outside the study area ( fig. 2) . A sulfur deposit, a mercury mine, and numerous mercury prospects exist in the area around the Crater mine and are discussed later, but no properties have been worked for gold. However, stream-sediment samples and rock samples from prospects in this area have high concentrations of mercury, antimony, and arsenic, which are key elements in the well known geochemical suite characteristic of epithermal gold deposits (Erickson and others, 1966; White, 1981) . Various combinations of these elements were found at mercury prospects southwest of the Crater mine ( fig. 2, nos. 5-10, 12-14) , and gold was detected at four of the prospects (table 1). The high detection limit for gold by the spectrographic technique used 10 ppm in stream-sediment samples and 20 ppm in heavymineral concentrates is too high to assess adequately the gold potential in the Crater mine area. Jasperoid veins in the Crater mine area contain anomalous concentrations of antimony, arsenic, and mercury, and locally of manganese, silver, and zinc as well.
Anomalous amounts of antimony, arsenic, and mercury, or combinations of these elements, which are suggestive of epithermal gold mineraliztion (White, 1981) , were detected in samples from several other areas ( fig. 3, areas 3 -7, 11, 14, 15) . These areas contain Paleozoic carbonate and clastic rocks except area 3, which has Tertiary gravel composed of Paleozoic carbonate and siliceous clasts. No prospects were found in most of these areas, and gold has not been reported as occurring in them. However, antimony, arsenic, and mercury, or combinations of these elements which are suggestive of epithermal gold mineralization, were detected in samples from these areas.
Minor amounts of gold occur with base metals in skarns ( fig. 2, (Morgan, 1979) . The playa occupies 1,000 acres, but playa deposits may underlie much of the valley floor now covered by alluvium and dune sand. The hole was drilled to a depth of 340 ft. From depths of 20 to 220 ft, samples of mostly clay and mud taken at 5 ft intervals averaged 0.0479 percent lithium; three zones contained from 0.092-0.0945 percent lithium. Samples taken from below 220 ft were mainly sand and averaged less than 0.01 percent lithium.
Manganese and Tungsten
Hot spring deposits at the Black Diamond prospect (fig. 2 , no. 43) near Upper Warm Spring consist of crumbly, porous layers of travertine alternating with tungsten-bearing manganese-oxide layers as much as 10 in thick. Tungsten also occurs with secondary copper minerals in veins and shear zones in granitic rock and metasedimentary rock near intrusive contacts at the Scheelite and Waucoba Tungsten mines west of the Saline Valley Wilderness Study Area; no similar occurrences are known inside the study area.
Mercury
Mercury is known at numerous localities in the northern part of the Last Chance Range and at one locality in the Saline Range. The largest mercury mine in the region is the El Capitan, located 2 mi north of the Crater mine ( fig. 2) . It produced 3,400 flasks of mercury during the period 1967-1970 from solution pipes developed by hot spring action in fault zones that cut Cambrian dolomite (Hill, 1972) . Ore consisted of cinnabar and metacinnabar in a gangue of gypsum, sulfur, opalite, calcite, and dolomite. Mercury prospects along the study area boundary south of the El Capitan mine are along fault zones in Cambrian quartzite or between quartzite and other clastic rocks ( fig. 2 ,nos. 6-10, 12, 13). Samples from the mercury veins at these prospects contained 0.002 to 10.2 Ib mercury per ton (table 1) . A few grab samples from a hopper had higher mercury values, but the average grade of the vein material is too low for the mercury to be classified as a resource. Cinnabar also occurs northeast of Upper Warm Spring (fig. 2 , no. 42) as coatings on cobbles and fine fragments between clasts in the top 2 ft of alluvium on the valley floor and interstitially in beds of felsic lapilli tuff.
Uranium
One water sample collected during drilling of a well to search for lithium (discussed earlier) in the playa of Eureka Valley (fig. 2, A dune field about 700 ft high and as much as 4,000 ft wide and 3 mi long, consisting of at least 300 million tons of eolian sand, is a prominent physiographic feature at the lower end of Eureka Valley. The sand consists of approximately equal amounts of quartz and feldspar and has lesser amounts of mica, magnetite, hematite, calcite, amphibole, rutile, and lithic fragments. One sample was analyzed chemically and found to have minor but anomalous amounts of lead and silver. Sand and gravel for local road construction has been produced in Eureka Valley along the road at the north border of the study area and along the road leading to the sand dunes.
Sulfur
The largest deposit of native sulfur known in California until about 1953 (Vernon, 1951; Branner, 1959) is at the Crater mine in the northern part of the Last Chance Range immediately north of the Saline Valley Wilderness Study Area. The sulfur, along with gypsum and fine-grained quartz, extensively replaced Cambrian dolomite. It was mined by open-pit and underground methods (Tucker and Sampson, 1938) and used for the manufacture of sulfuric acid and as a soil conditioner. More than 3 million tons of demonstrated resources averaging 40 percent sulfur are estimated to remain at the Crater mine (McHugh and others, 1984) . The only sulfur found in the study area occurs along bedding planes and faults at the Sally Joe prospect (fig. 2 , no. 14) and is not considered a resource.
Talc
Talc occurs as irregular replacement bodies along faulted contacts between dolomite and quartzite or siltstone within and outside the northwest border of the Saline Valley Wilderness Study Area and west of the study area ( fig. 2) . Most of the deposits are near the Nikolaus-Eureka mine ( fig. 2) , which produced about 75,000 tons of talc during intermittent operation from 1945 to 1970 for use in cosmetics and pharmaceuticals (Chidester and others, 1964) . This deposit contains both high-grade (steatite) talc and high-alumina, chloritic (clinochlore and chloritoid) talc. The Harlis and Broady mine ( fig. 2, no. 3), immediately outside the study area, produced 31 tons of talc in 1957. No production is recorded from the Victor Consolidated talc deposit or from the Green Rock prospect (fig. 2, no. 2), the only talc occurrence inside the study area. The White Eagle and Eleanor deposits ( fig. 2 ) west of the study area had a combined production of 50,000 tons of high-grade talc between 1941 and 1979.
Other commodities
The Saline Valley Wilderness Study Area and vicinity has a few localities of possible interest to mineral collections. Turquoise, apatite, and other calcium and magnesium phosphate minerals occur with chrysocolla along narrow discontinuous fissures in siltstone at the Mercury Knob claims in the Last Chance Range (fig. 2, no. 9) . No gem quality turquoise was found. Torbernite occurs with autunite, malachite, and azurite in limonite-and gypsum-bearing veins at the Lucky Strike prospect just outside the study area north of the Mercury Knob claims ( fig. 2, fig. 2, no. 49 ), located at the south end of the study area, has minor amounts of copper, gold, silver, tungsten, and uranium. Host rocks of the prospect are marble and skarn formed from Paleozoic carbonate rocks that lie in a septum about 2,000 ft wide in the Hunter Mountain Quartz Monzonite. The marble is bleached light gray to nearly white and contains masses of wollastonite, irregular pods of coarse-grained diopside, and narrow elongate zones of garnet-rich skarn. Idocrase and the manganese-bearing zoisite, thulite, occur locally in the skarn. The rocks are fractured and sheared along a broad, poorly defined zone that extends along the southwest contact of the septum and can be traced nearly 2 mi to the Lippincott mine area inside Death Valley National Monument ( fig. 2) . Malachite, chrysocolla, and minor azurite occur sporadically as fracture coatings and as disseminations in tactite and quartz-bearing shear zones at the Bonanza prospect and are particularly evident in a shear zone exposed in the open pit at the prospect. McAllister (1955) reported disseminated chalcopyrite at the prospect. As a result of this study, 17 areas in the Saline Valley Wilderness Study Area were found to have resource potential. The Saline Valley Wilderness Study Area has resource potential for gold, copper, lead, lithium, mercury, molybdenum, silver, and zinc. No resource potential was found in the Lower Saline Wilderness Study Area. Areas having resource potential are shown in Figure 3 and Plate 1.
The resource potential of mineralized areas in and adjacent to the Saline Valley and Lower Saline Wilderness Study Areas is ranked in the following scheme:
Low mineral resource potential is assigned to areas in which geologic, geochemical, or geophysical characteristics define a geologic environment permissive for resource occurrence but where there is little evidence of the existence of a mineral resource. This broad category embraces areas of dispersed mineralized rock as well as areas that have few indications of having been mineralized. Moderate mineral resource potential is assigned to areas in which geologic, geochemical, and geophysical characteristics indicate a geologic environment favorable for resource occurrence, where interpretations of data indicate a reasonable chance for resource accumulation, and where an application of genetic or descriptive models indicates favorable ground. High resource potential is assigned to areas in which geologic, geochemical, and geophysical characteristics indicate a geologic environment favorable for resource occurrence, where interpretations of data indicate a high degree of likelihood for resource accumulation, where data support genetic or descriptive models indicating the presence of resources, and where evidence indicates that mineral concentration has taken place. Identified resources are those whose location, grade, quality, and quantity are known or estimated from specific geologic evidence (U.S. Bureau of Mines and U.S. Geological Survey, 1980).
The procedure used for determining mineral resource potential in this investigation was described by Shawe (1981) . It involves recognition of the presence in the study area of geologic environments known to be favorable for the occurrence of particular types of mineral deposits elsewhere in the world. Attempts are made to compare and match the geologic, geochemical, and geophysical features found in the mineralized areas in the study area with the geologic, geochemical, and geophysical features that have been demonstrated to be characteristic of, or criteria for, the occurrence of different types of known mineral deposits. The absence of key criteria is important in establishing the degree of favorability for resource potential and may be as significant as the recognition of positive criteria. The resource potential that best classifies an area is a measure of the probability of the existence of a resource, which is defined as a concentration of naturally occurring solid, liquid, or gaseous material in or on the Earth's surface in such form or amount that economic extraction of a commodity from the concentration is currently or potentially feasable (U.S. Geological Survey and U.S. Bureau of Mines, 1980).
Metallic commodities in the Saline Valley Wilderness Study Area

Gold
Evidence of gold mineralization has been found in eleven areas of the Saline Valley Wilderness Study Area (fig. 3, nos. 1, 3 -7, 11-15) . Eight of these areas are interpreted to have potential for the occurrence of gold in disseminated deposits formed in an epithermal environment related to hot spring systems. Most of these areas do not appear to have been prospected. Two of the eleven areas have placer gold or potential for placer gold, and one area has vein gold of mesothermal or epithermal origin.
Epithermal Gold. Disseminated epithermal gold deposits commonly are of large size and low grade. They form in near-surface parts of hot spring systems or in hydrothermal cells where meteoric waters have merged with rising fluids in zones of high heat flow (Berger and Eimon, 1983; Silberman, 1982) . Shallow intrusions, commonly of felsic composition provide the heat necessary to drive the hydrothermal systems. Silicification and evidence of hydrothermal brecciation may be extensive and may be accompanied by argillic alteration. High-grade disseminated deposits commonly have undergone multiple episodes of brecciation and mineralization (Berger and Eimon, 1983) . A characteristic feature of epithermal gold deposits is the presence of anomalous concentrations of arsenic, antimony, and mercury introduced during mineralization. This suite of elements, and in some cases high concentrations of thallium, silver, and other metals, are found in the ore zone of disseminated gold deposits and near the surface in epithermal precious metal systems (Erickson and others, 1966; Radtke and others, 1980; White, 1981) . Disseminated gold deposits occur in faulted volcanic or sedimentary rocks. The Carlin deposit, developed in fractured thin-bedded Silurian and Devonian carbonate rocks in north-central Nevada, is perhaps the best-known example of this type of deposit in carbonate rocks.
Area 1 in the northern part of the Last Chance Range ( fig. 3 ) has features suggestive of a buried disseminated gold deposit. The characteristic geochemical suite of arsenic, antimony, and mercury occurs in highly anomalous concentrations in streamsediment samples from streams draining the area and in rock samples from mercury prospects. Moreover, gold was found in rock samples from four mercury properties in and adjacent to area 1 (table 1, nos. 7, 8, 10, 13) . Other characteristics favorable for epithermal gold deposits are faulted carbonate host rocks and extensive alteration common in a hot spring environment.
Alteration in area 1 consists of abundant native sulfur, gypsum, and quartz replacement bodies in the carbonate rocks and provides evidence that a hydrothermal system vented in the area. This type of alteration results from the oxidation of rising sulfur-rich fluids as they reach near-surface waters enriched in atmospheric oxygen and are converted to sulfate solutions. This process takes place above the boiling zone and results in replacement of the carbonate rocks with gypsum. The sulfate ions lower the pH, which, along with declining temperatures, cause the precipitaion of quartz, native sulfur, and any mercury sulfide along with gypsum. Gold may precipitate as a result of chemical changes that take place accompanying boiling (Berger and Eimon, 1983) . In area 1, boiling would have taken place below the sulfur-quartz-gypsum alteration zone. Therefore, deeper parts of the fault zones and fractures that served as channels for the boiling mineralizing fluids could be likely sites of disseminated gold in the area.
The sulfur-gypsum-quartz zone in area 1 should be examined for evidence of multiple episodes of sealing and brecciation. Intermittent sealing and breaking would be expected in an area of prolonged hydrothermal activity involving boiling and alteration (Berger and Eimon, 1983; Silberman, 1982) .
Audiomagnetotelluric (AMT) traverse data obtained at the Crater mine indicate the existence of a north-northeast-trending low resistivity zone associated with the mineralized rocks and extending to depth. This low resistivity zone probably represents the region where hydrothermal activity was concentrated, producing localized brecciation and alteration. Another low resistivity zone was identified 0.75 mi northwest of the mineralized rocks at the mine. The zone also trends north-northeast but has no evidence of mineralized rock at the surface. An extremely large 400 >um self potential anomaly also is associated with this zone. These data imply the existence in this area of a buried fossil hydrothermal system that may have potential for epithermal gold.
The source of the heat for the hot spring activity at the Crater mine is not well known but could have been the undated intrusive silicic volcanic rock found in a shaft at the Crater mine (Lynton, 1938) or the intrusive latite thought to be about 4 m.y. old and found a few miles from the mine during this study. This latite and volcanic rocks dated at 2.5 m.y. (Elliott and others, 1984) in nearby parts of the Saline Valley Wilderness Study Area lend credence to the possibility that the hydrothermal system in area 1 may be relatively young. Hill (1972) concluded that the El Capitan mercury deposit ( fig. 2) , which may have formed in the same hot spring system as at the Crater mine, developed within a few hundred feet of the surface.
The abundant altered rock along fault zones in carbonate rocks and the favorable geochemical data, including the existence of gold at a number of localities, are strong indications that area I has a high potential for the occurrence of a gold resource in a disseminated deposit.
In addition to area 1, seven other areas in the Saline Valley Wilderness Study Area (fig. 3, [6] [7] 11, [14] [15] have geologic and geochemical characteristics that identify them as areas of resource potential for the occurrence of epithermal gold deposits. Five characteristics were used to identify these areas, 1) a hot spring geologic environment generally near young faults, 2) bleached Paleozoic limestones, with poorly formed iron oxides, 3) the occurrence of calcite or quartz veins and (or) jasperoid, 4) anomalous concentrations of chemical elements in the epithermal precious metal geochemical suite (arsenic, antimony, and mercury), often with silver, manganese, and zinc, and 5) the occurrence of minor amounts of kaolinite and (or) sericite. Table 2 gives the concentration used in defining anomalous geochemical values for chemical elements found in these areas. Areas 3 and 4 are on the east flank of the Last Chance Range. Both areas were identified from remote sensing data as having iron oxides of possible hydrothermal origin, and kaolinite was observed in area 4. The iron oxides were found to be poorly ordered types similar to ferrihydrite, which resembles a common iron oxide found in spring deposits (Carlson and Schwertmann, 1980, Henmi and others, 1980) . Area 3 consists of gravel that is composed of abundant clasts of Paleozoic carbonate rocks in a matrix rich in iron oxides. Anomalous concentrations of arsenic and mercury were found in samples from the matrix of the gravel. Area 4 exposes brecciated and locally bleached and ironstained Paleozoic carbonate rocks.
Narrow quartz-calcite veins and thin films of jasperoid in fractures are anomalous in arsenic, antimony, mercury, manganese, and zinc. No indications of prospecting were found in either area. Based on this study, areas 3 and 4 have a low potential for the occurrence of gold resources of the disseminated type.
Areas 6 and 7, located on the west side of the mountains that culminate in Dry Mountain, consist of Paleozoic carbonate rocks. Both areas occur along a northnortheast-trending fault zone that offsets alluvial fan deposits, and both were identified from remote sensing studies as having iron oxides of possible hydrothermal origin. Area 6 is conspicuously red from iron oxides. The fault zone has silicified and sericitized gouge and numerous steeply dipping veins parallel to one another that contain calcite and wad (manganese oxide). These veins have anomalous concentrations of arsenic, antimony, and manganese, a mineral and geochemical association suggestive of epithermal mineralization. The fault zone in area 7 has hematite as well as poorly ordered iron oxides. Calcite veins in a system of anastomosing veins in the fault zone are as much as 3 ft wide, and some of them have limonite pseudomorphs after pyrite. Anomalous concentrations of arsenic, antimony, molybdenum, and silver were found in samples from the fault zone. Carbonate bedrock is bleached in an interval several hundred feet wide adjacent to the fault zone. The potential for gold resources in disseminated deposits in areas 6 and 7 is low.
Area 11 in the Inyo Mountains at the west border of the area ( fig. 3) contains faulted Proterozoic rocks, including carbonate rocks, some of which are orange, possibly from alteration, and some are bleached white. Weak concentrations of iron oxides in the area were detected in remote sensing studies. Northerly trending fault zones have weak concentrations of montmorillonite and iron oxides similar to ferrihydrite. Minor narrow quartz veins were found to have anomalous amounts of arsenic, antimony, mercury, and zinc suggestive of the suite of elements associated with epithermal gold mineralization. The proximity of the area to a Mesozoic pluton rather than to areas close to Tertiary igneous activity is suggestive that any mineralization that affected the area may have a different origin than rocks that have potential for gold resources farther east. The area is recognized as having been weakly mineralized and in having a low potential for the occurrence of gold resources. Areas 14 and 15 are located near the north end of the Saline Range ( fig. 3) . Evidence of mineralized rock in these areas was first identified from remote sensing data. The areas have perceptible but weak concentrations of iron oxides. Area 14 lies in Paleozoic carbonate rock adjacent to the west margin of the volcanic field that is extensively exposed in the Saline Range. The carbonate bedrock is broken by a northnortheast-trending fault zone that contains breccia fragments encased in quartz. Anomalous concentrations of arsenic found in this silicified breccia are the only hints of the geochemical suite commonly associated with gold mineralization. Area 15 has carbonate and clastic Paleozoic rocks that are offset along numerous north-and northeasterly trending faults and by the Last Chance thrust, which is exposed at a small window in the thrust near the middle of the area. Scattered thin quartz-calcite veins and thin films of jasperoid on fracture planes have anomalous amounts of arsenic, antimony, mercury, manganese, and zinc. Kaolinite was found on a few joint planes. Information gathered during our study indicates that areas 14 and 15 have a low potential for disseminated -type gold deposits.
The low potential for the occurrence of gold resources in areas 3, 4, 6, 7, 11, 14, and 15 , discussed above, is based on the relatively weak hydrothermal alteration and low geochemical values found. Areas of known epithermal gold deposits generally give a highly anomalous expression of the epithermal precious metal gold suite, values that are variable but usually considerably higher above background than those found in this 28 survey. Epithermal gold deposits also commonly exhibit evidence of several stages of silicification, brecciation, and stockwork veining. Such repetitive hydrothermal activity is not in evidence in these areas.
Placer Gold. Areas 12 and 13 outline alluvial gravels in Marble Canyon in the western part of the study area. Area 12 contains the gravels that extend into the study area from the west and can be followed a distance of about 1.5 mi down the canyon from the west border of the area. Because these gravels contain mines at several localities along a considerable portion of area 12 inside as well as outside the study area, the area is assesssed as having a high potential for resources of placer gold at localities that have not been explored by mine workings. Bedrock is exposed along the bottom of Marble Canyon downstream from the east end of area 12 to the west end of area 13. Gravel is again exposed in area 13 to the lower end of the canyon, and these gravels could be expected to have placer gold that was transported downstream beyond area 12. Significant concentrations of placer gold, if present in area 13, reasonably would be at and near the bottom of the alluvium as they are in area 12. Area 13 has a moderate potential for the occurrence of gold resources in placer deposits.
Vein gold. Area 5 is in the northern part of the mountains that contain Dry Mountain and has the Jenny B. prospect at its northeast end and the Leah-Venessa prospect at its southwest end. Evidence of iron oxides of hydrothermal origin in the area were detected in remote sensing data. Anomalous concentrations of boron, copper, lead, manganese, niobium, and silver, mentioned earlier as having been found at both prospects, is permissive of an origin by mesothermal mineralization. Despite the modest values of precious metals identified at the prospects, the area appears to be weakly mineralized and is assigned a low potential for the occurrence of gold resources.
Copper and Molybdenum
Copper and molybdenum occur in skarn deposits developed in calcsilicate rocks formed from Paleozoic carbonate rocks adjacent to the Hunter Mountain pluton near the southern end of the study area and in small skarn bodies enclosed in the Hunter Mountain pluton in nearby parts of Death Valley National Monument. The amounts of copper, molybdenum, and various other metals are low in these deposits, and the areas containing the skarns are interpreted as having no recognized potential for resources of these metals. Copper and precious metals occur in skarn developed in a marble inclusion in the diorite of Marble Canyon near the north end of the study area (Black Rock prospect, fig. 2, no. 16) . Despite modest metal values at the prospect, the small size of this and similar marble inclusions indicate that no recognized resource potential exists for copper or other metals in the area containing the inclusions. Copper without associated molybdenum has been explored in workings of the Loretto mine ( fig. 2 ), but because mineralized rock at this property does not extend into the study area the resource potential for copper in the mine area was not determined.
Concentrations of metals (as much as 1,500 ppm arsenic, 1,000 ppm copper, 0.8 ppm gold, 200 ppm lead, 1,000 ppm molybdenum, 15 ppm silver, and 500 ppm zinc) in veins containing iron oxides and quartz were found in area 9 ( fig. 3 ) in Burcnfiel's (1969) border phase of the Hunter Mountain pluton. Tungsten, boron, and niobium also were found in selected samples. These veins, the pervasive sericitic alteration between the veins, and a local stockwork of fine-grained quartz veins in the granite are indicative of a hydrothermal system probably related to the cooling of the Hunter Mountain pluton. An audiomagnetotelluric survey in the area indicated that the alteration extends V2to 1 km in depth. Copper and molybdenum in skarn deposits adjacent to the pluton is additional evidence that the mineralization is related to emplacement of the Hunter Mountain Quartz Monzonite. Abundant roof pendant rock in the vicinity of the mineralized veins indicate that the veins occur high in the pluton. These observations suggest the possibility that a concealed porphyry copper or porphyry molybdenum system is present in the area. However, the geochemical signature is weak, and porphyritic or aplitic rocks suggestive of igneous venting to the surface were not found in the pluton.
Based on geochemical data and mineralogy, the veins in area 9 may have a multiphase history for which no single ore-deposit model applies. High concentrations of boron, niobium, and some tungsten in the veins suggest a high temperature phase of mineralization when volatiles were released during consolidation of the granite. Arsenic lead, mercury, silver, and zinc in the veins suggest a mesothermal phase of mineralization. Abundant iron oxide and siliceous gossan were observed, and although no sulfide minerals or pyrite were found in the veins precursor sulfides are assumed. The observed sericitic alteration may have resulted from mixing of magmatic and meteoric waters as the granite cooled. The large size of the vein quartz crystals (commonly 3 in. or more in length) associated with iron oxides, the well developed crystal faces including pyramidal terminations, the symmetrical distribution of the crystals inward from the vein walls, and the abundant open spaces between crystals are indications of deposition under epithermal conditions, and the areas of finer-grained quartz are indications of possible venting to the surface and boiling. A reasonable interpretation of the origin of the veins is that they formed in a regime of declining temperatures, possibly from hypothermal to epithermal conditions. Area 9 is considered to be a favorable environment for the occurrence of metallic mineral resources because of the abundance of high metal values and numerous quartziron oxide veins in sericitized rock. However, because of the lack of pervasive strong hydrothermal alteration of the country rock and the absence of clear evidence of abundant sulfide mineralization in the veins, the resource potential for copper, molybdenum, and silver in area 9 is assessed as low.
Lead, silver, and zinc Area 8 ( fig. 3 ) represents a broad zone of high lead, silver, and zinc geochemical concentrations in Proterozoic and Paleozoic carbonate rocks and shale around the copper-molybdenum center in the Hunter Mountain Quartz Monzonite of area 9. The sericitic alteration of area 9 grades outward to propylitic alteration in area 8. This geochemical and alteration zonation is suggestive of a porphyry-type model, although the geochemical signature is weak and no porphyry rocks were found. In panned concentrates lead values ranged from 20-500 ppm, silver values ranged from not detected to 1.5 ppm, and zinc values ranged from not detected to 500 ppm. Anomalous concentrations of lead, silver, or zinc occur in many of the numerous quartz-sericite-epidote veins in the area. On the basis of the tentative model proposed above, the potential for the occurrence of lead, silver, and zinc resources in area 8 is low.
Area 10 has numerous lead-silver-zinc occurrences from Jackass Flats on the east to Whippoorwill Flat on the west. The area is dominated by carbonate rocks and quartzite that are cut by numerous quartz veins containing argentiferous galena. Lead-silver-zinc anomalies found in stream sediment and panned concentrate samples taken in the area are probably related to argentiferous galena occurrences in the numerous mines and prospects. During this study eight prospects within area 10 were visited and sampled. All of them contained sulfide bearing quartz veins in sedimentary rocks. The vein systems generally strike north-northeast, are discontinuous, average 1-2 feet thick, and were traced from 500 to 3600 feet along strike. The sulfide minerals occur as pods of galena and are associated with sparse sphalerite, chalcopyrite and secondary copper, lead, and zinc minerals.
The origin of these minerals is uncertain. Many mines east, west, and south of the Saline Valley Wilderness Study Area produced lead and silver, the most prominent being the Cerro Gordo mine in the Inyo Mountains, 1/2 nni northwest of Cerro Gordo Peak ( fig.  1 ). Three prominent rock types are common to all of the mine areas: 1) the Hunter Mountain Quartz Monzonite, 2) Proterozoic-Paleozoic carbonate rocks, and 3) Carboniferous shale. The juxtaposition of these three rock types helps outline favorable ground and is believed to be an important characteristic of a tentative model proposed here for the lead, silver, and zinc occurrences. Although the main phase of the Hunter Mountain pluton appears to be relatively poor as a metal source, it may have provided sufficient heat to mobilize and transport metallic elements from carboniferous black shale and redeposit them as sulfides in quartz veins in the carbonate host rocks. Fluids from the quartz monzonite also could have played a part in the transport of metals. In most areas the veins are small and weakly mineralized. The larger mineralized bodies occur in areas having large amounts of carboniferous black shale, as at Cerro Gordo. Further studies are needed to establish the validity of this model.
The closest large intrusive to area 10 is the quartz monzonite of Joshua Flat, about 3 miles north. The sedimentary rocks in area 10 consist of Proterozoic and early Paleozoic limestones, siltstones, and quartzites that were thrust over Mississippian rocks along the Last Chance thrust prior to emplacement of the Joshua Flat pluton. Metals in the underlying Mississippian black shales may have been mobilized by the intrusive event, transported into the overlying Proterozoic and Paleozoic sediments, and deposited in sulfide bearing quartz veins. The absence of widespread hydrothermal alteration in the area and the absence of Tertiary volcanism, with the exception of basaltic cover, seems to preclude a more recent hydrothermal origin. Although numerous veins occur in the area, some having small identified resources, the potential for the occurrence of lead, silver, and zinc resources in area 10 is low.
Lithium
The lower part of Eureka Valley ( fig. 3, area 16 ) contains lithium, based on reported analyses of clay samples obtained by drilling in the playa in the lower part of the valley ( fig. 2, no. 35) (Morgan, 1979) . The distribution of the lithium-bearing sediments is unknown, but these materials reasonably could underlie much of the southern part of the valley. Pliocene silicic volcanic tuffs, possible source rock for the lithium, occur immediately south in the northern part of the Saline Range. Ground water leaching of the tuffs, and concentration of the lithium in clays during evaporation of surface waters in the enclosed basin of Eureka Valley are likely methods of transportation and deposition, based on a model for lithium deposited in clays (Asher-Bolinder, 1982) . The gravity low in Eureka Valley north of latitude 37° 12' may be the site of thick detrital accumulations that also could contain lithium-bearing playa deposits.
In 1981 lithium production in the United States was from pegmatite dikes in North Carolina and subsurface brines in Nevada (Ferrell and Searls, 1982) . Although no lithium is currently produced from sediments, developing markets and advances in extraction technology may make mining of sediments containing 0.1 percent lithium economically feasible. Based on the above criteria, the lithium potential for area 16 is considered as low.
Manganese and tungsten
Manganese and tungsten occur in travertine at the Black Diamond prospect (fig. 2 , no. 43) near Upper Warm Spring. A similar occurrence of manganese and tungsten deposited by hot spring activity exists at the Golconda Hot Spring in northern Nevada and was mined for tungsten in World War n (Marsh and Erickson, 1975) . Although these occurrences are too small to be considered resources, additional occurrences of these metals are possible in the Quaternary gravels near Upper Warm Spring. The area of hydrothermal alteration at these occurrences was studied using an airborne spectrometer system to determine the distribution of important alteration minerals such as carbonate and clay minerals and sericite. The advantage of the airborne spectrometer system is the capacity to make very high spectral resolution measurements in the 1.6 to 2.5 micrometer (urn) region of reflectance radiation wavelengths. Important hydrothermal alteration minerals were identified in this area using this technique. As a result of this study, no resource potential for manganese or tungsten was identified in the Upper Warm Spring area.
Mercury
The mercury prospects and the El Capitan mercury mine in the northern part of the Last Chance Range are located peripheral to an area of sulfur deposits, which, as discussed earlier, is considered to have potential for a disseminated gold deposit ( fig. 3 , area 1). The mercury occurrences, sulfur deposits, and the area of gold potential are thought to be genetically related to a hot spring hydrothermal system. The principal features of mercury deposits that have originated in hot springs systems have been outlined in an ore deposit model (Rytuba, 1983) that is based on the Sulfur Bank mercury deposit in northern California (White and Roberson, 1982) . According to this model, mercury deposits of hot spring origin form in areas that have undergone extensional faulting and have been the sites of mafic to intermediate volcanism. Cinnabar, the principal ore mineral is deposited beneath the water table as disseminations and as coatings on fractures. At Sulfur Bank, abundant sulfur was deposited above the water table but decreased in abundance downward as cinnabar became abundant. Characteristic suites of alteration minerals originated above and below the water table, and opal was deposited at the water table.
The El Capitan deposit has many features of this model and is reasonably typical of hot spring type mercury deposits. Hill (1972) demonstrated that the El Capitan deposit is localized along steeply dipping north-northeast-trending faults at intersections with north-trending faults. The mercury ore consisted of cinnabar and minor amounts of metacinnabar associated with gypsum, native sulfur, opaline silica, and quartz. Ore was deposited in irregular, funnel-shaped and carrot-like, vertically oriented bodies that were near-surface conduits in a hot spring system. Open pipe-like and funnel-shaped channel ways that must have served as conduits for rising fluids could be seen at the mine in 1983.
Veins containing cinnabar, native sulfur, quartz, and gypsum occur at the El Capitan mine outside the main ore bodies, and various combinations of these same minerals are found at mercury occurrences inside the Saline Valley Wilderness Study Area. Alunite also commonly is present. Bedrock adjacent to the mercury occurrences in the study area commonly is bleached and silicified, and carbonate host rock locally is replaced by gypsum. At the Aloha, Rebecca, and Eureka propects ( fig. 2 , nos. 6, 7, 10), cinnabar fills fissures in highly fractured quartzite. Based on the presence of the cinnabar veins at the El Capitan mine, the mercury veins in the study area probably also originated in a hot springs environment even though obvious channel ways for hot spring waters have not been found.
The age of the mercury mineralization is probably late Pliocene or younger, as many of the mercury occurrences and the El Capitan deposit are localized along faults that are part of a fault system which has offset volcanic rocks as young as about 4 m.y. old (Elliott and others, 1984) . Intrusive latite shown on Plate 1 as a few miles east of the Crater mine may be about this age, because latite flows nearby are interlayered with Pliocene basalt. Intrusive silicic volcanic rock found in a shaft at the Crater mine (Lynton, 1938) and the volcanic material in the diatreme to the northeast ( fig. 3) have not been dated but are assumed to be Pliocene or younger. Any of these intrusive rocks at or near the Crater mine could have been the source of heat and possibly hydrothermal fluids for the hot spring system that deposited the mercury.
Based on the sparseness of mercury occurrences and the low average grade of the mercury prospects, area 2 and adjacent parts of area 1 have a low potential for the occurrence of mercury resources. If present, the mercury deposits reasonably could have high-grade zones.
Cinnabar also was found in alluvium and tuff beds in the area of hydrothermal alteration near Upper Warm Spring ( fig. 2, no. 42 ). The concentration of mercury is low and is not considered indicative of a potential for mercury resources in that area.
Talc
A zone of talc deposits and occurrences extends southwesterly from the Victor Consolidated mine outside the Saline Valley Wilderness Study Area to the Green Rock prospect just inside the north end of the study area ( fig. 3, area 17) . Only a small part of this zone lies in the study area, and all of the properties in this belt that have had production are outside the study area. The zone of talc deposits at the Eleanor and White Eagle mines ( fig. 2) , 25 miles south of the Nikolaus-Eureka mine, is not known to extend into the study area. Wright (1966) stated that most talc deposits in the Inyo Mountains region have been nearly mined out and that other deposits are certain to exist but discovering them will be difficult and expensive. This statement probably is applicable to the study area. The study area is considered to have a low potential for the occurrence of talc resources.
Uranium
Although a small quantity of uranium found in a water sample taken from a well in Eureka Valley (fig. 2, no. 35) , and although uranium minerals occur at the Lucky Strike prospect ( fig. 2, no. 4) , the study area is not considered to have significant potential for the occurrence of uranium. The uranium in both areas probably was derived by leaching from igneous sources respectively, latite tuffs in the Saline Range and intrusive latite in the Last Chance Range. Latite is not known to be a favorable source rock for uranium.
Nonmetallic commodities in the Saline Valley Wilderness Study Area
Sand and gravel Sand in the large dune field in Eureka Valley has a high percentage of impurities and cannot be classified as high-silica sand for specialty uses. High-silica specialty sands for the manufacture of clear glass are composed almost entirely of SiC>2, anc^ sanc*s f°r many other uses must be of moderately high purity (Ketner, 1973) . The impurities and great distances from centers of population preclude assigning any resource potential to the sand in Eureka Valley.
Sand and gravel sufficient for local use as road metal or other uses as an aggregate are available in fanglomerates and other alluvial deposits in the wilderness study area, but these materials have little promise for use elsewhere.
Sulfur
Although numerous occurrences of sulfur are known in the vicinity of the Crater mine in the Last Chance Range ( fig. 2 ), only one occurrence is known in the Saline Valley Wilderness Study Area. Additional small occurrences may be found near the north border of the study area, but the potential for a sulfur resource is nil.
Metallic commodities in the Lower Saline Wilderness Study Area
Copper, gold, silver, tungsten, and uranium Marble and skarn at the Bonanza prospect ( fig. 3 , no. 49) near the south end of the Lower Saline Wilderness Study Area contain concentrations of copper minerals and small amounts of gold, silver, tungsten, and uranium (table 1) . No indications of these metals were found in the study area outside the immediate vicinity of the workings, and no record of mineral production has been found for the prospect. Similar small occurrences of copper and other metals are found in skarn bodies along the contact of the Hunter Mountain pluton at scattered localities to the north and northeast in the southern part of the Saline Valley Wilderness Study Area and nearby parts of Death Valley National Monument. All of these occurrences are considered to have formed from mineralizing solutions generated during emplacement of the Hunter Mountain Quartz Monzonite. Based on the small size of the mineralized area and the low concentrations of metals at the Bonanza prospect, the Lower Saline Wilderness Study Area is considered to have no indentified potential for the occurrence of copper, gold, silver, tungsten, and uranium resources. 
